INTRODUCTION
Life histories and breeding activities of the gammaridean Amphipoda have been elucidated in many species from various view points. Many studies are directed to contribute to the biology of a species (Watkin, 1941 ; Amanieu, 1969; Steele, 1969--1975c; Dexter, 1971; etc.) and some have been done to afford the basis for production study of a species (Cooper, 1965; Klein, 1975) and still some are with the intention to give ecological consideration of niche or population in several species (Hynes, 1954; Croker, 1967; Sameoto, 1969a,b) . Only a few, however, treated the life history in its morphological aspect. The present study deals with the results of investigation into the life history and breeding activity of Orchestia platensis in view to afford the basis for morphological discussion in the succeeding paper.
I am deeply indebted to Prof. E. Harada of the Seto Marine Biological Laboratory, for his encouragements and critical advices, and reading of the manuscripts. Dr. K. Sawada of Kyoto University kindly identified staphylinid beetles, to whom my thanks are due.
MATERIALS AND METHODS

Species Studied
Orchestia platensis is a nearly cosmopolitan sea-shore talitrid (Bousfield, 1973) that lives under the stranded matter in the supralittoral zone. Reported localities so far in the world are as follows; NewFoundland to Florida in the Atlantic coast of North America (Bousfield, 1958 (Bousfield, , 1973 , la Plata near Montevideo in South America (Stebbing, 1906) , Bermuda Island (Kunkel, 1910) , the West Indies (Bousfield, 1973) and the Canary Islands (Anderson, 1962) in the Atlantic Ocean; Denmark, Sweden, west Baltic and Mediterranean (Stephensen, 1944) m Europe: the Chilka Lake in India (Chilton, 1921) , Sakhalin, Kuril Island (Bulycheva, 1957) , Japan, Tansui in Formosa, Celebes Island (Ruffo, 1949) and Hawaii Island (Stephensen, 1935) in the North Pacific; and Bali, Tuamotsu Islands in the South Pacific (Stephensen, 1935) . Of these localities, the Chilka Lake is brackish water and the habitat in Tenerife in the Canary Islands is a brook about 200 meters above the sea level.
In Japan, the species is commonly seen on the sandy shores from Hokkaido to Okinawa, and the microdistribution is strictly dependent on the occurrence of wrack bed (Morino, 1975) . When the stranded matter was violently disturbed by the wave action in high tide or at typhoon, the animal was seen going up to land or burrowing in the sand. Results of field and experimental observations suggest that the species has omnivorous food habit.
Sampling Site and the Environment
A small sandy shore on the east coast of Hatakejima Island in Tanabe Bay (33°42'N, 135°22'W) was selected for the present study ( Fig. 1 ). This shore is well isolated from the nearby sandy shores, being bordered by the rocky reefs on both sides and lined with bushes on landside. Orchestia platensis occurs m numbers on this shore, as well as on the sandy shore on the west side of the island, but active invasion or dispersion of Orchestia platensis into or from this shore seems to be negligible. Other three species of talitrids also occur on the island (Fig. 1) . Orchestoidea trinitatis is seen on the sandy beach of the west side. Orchestia pachypus occurs on the limited sandy shore on a small isolated islet which is separated by a wide gravel flat from the main island. Under the litter in the forest right back of the sampling site, a terrestrial form of Orchestia sp. is found. The organic matter found on the studied shore was chiefly stranded algae, woods, and dead fishes, as well as fallen leaves of pine trees on the island. The following animals were frequently caught with Orchestia platensis at the sampling site: Oligochaetes: Pontdrilus matsushimensis; Staphylinids beetles: Emplenota fucicola, Phucobius simulator, Cajius nudus; Crustacea: Armadilloniscus tuberculatus, Alloniscus perconvexus, Ligia (Megaligia) exotica, Porcellio scaber, Exiroplana (Pontogeroides) japonica. Parasitic mite was frequently found on the sternite or gills of Orchestia platensis.
The temperatures in the sand and under the stranded matter were measured with the aid of a thermister thermometer at each time of monthly samplings and the results are given in Fig. 2 . 
Sampling Technique and Measurements.
Monthly samplings were carried out from March 1972 to March 1973 . A sampler was devised by modifying a bottom sampler (15 em X 15 em). The sampler was pushed down onto the wrack bed to about 10 em depth of the substratum sand and the content of the sampler was taken out with a shovel into a vinyl bag. Four sampling spots were selected according to the distribution of the stranded matter, so as to reflect the natural state of population as possible. In summer months, the stranded matter were frequently amassing on the hard substratum, that is, on the rocky reef or behind the sandy shore, where the stranded matter was also collected by use of hand from an area of about 15 em X 15 em.
The materials sampled were brought back to the laboratory and added with 10 % formalin for fixation of the animals. The animals were sorted out by decanta-tion method of repeated procedure of adding, stirring and pouring out water until no animal was found in water. The remaining sand and wrack matter were also carefully examined. Extracted animals were preserved in 70 % alcohol.
The hody length of Orchestia platensis was measured by micrometer from the tip of the head to the postero-median edge of pereionite VII by stretching the animal's back against a small board with the aid of a forceps and a needle under binocular microscope. The number of the flagellar segment of antenna II was counted on both sides. The sex was determined by the presence of oostegite in female and the development of gnathopod II in male. The presence of the bristles on the oostegite and egg number were checked. More than 20 thousands of animals were examined during the study.
Laboratory Observations
The laboratory observations were carried out in two lines. First, the life cycle and the seasonal change in breeding activity were followed under the room condition. Several pairs of mature animals were kept isolated in glass vessels (7 em diameter and 18 em height) with cotten wetted with sea water. The animals were inspected every day of the oviposition and the release of youngs. The number of the flagellar segments of antenna II were counted after every oviposition. The released youngs transferred to separate vessels were subsequently examined monthly of the number of the flagellar segments of antenna II and, if reached to maturation, of the reproductive activity as mentioned above.
Secondly, the youngs hatched out in the laboratory were raised under the constant temperatures of l5°C, 20°C, 25°C and 30°C, and under the natural illumination. The animals were kept in the glass vessels separately, and the number of the flagellar segments of antenna II were examined individually every day. All the animals subjected to these observations were collected from the sampling site of Hatakejima Island.
RESULTS
1) Laboratory Studies
Life Cycle and Breeding Activity
Selected examples of growth, reproductive activity and life cycle in the room conditions are shown in Fig. 3 . Youngs born in the spring commence breeding in the summer. The first oviposition can be predicted by the darkening of the gonad. Mature female, that is, female with dark gonad, is easily seized by male. Usually on the next day, eggs are deposited in the brood pouch During the development of the eggs in the brood pouch, the gonad becomes mature again. After releasing the youngs, the next batch is deposited. Some produce youngs in succession until late autumn when they die, and some cease breeding in autumn, overwinter and commence breeding again in the next spring. Overwintering female lacks bristles on the oostegites. In some cases, particularly in mid summer, developing eggs in the brood pouch are lost before the youngs are produced. It is not certain whether this occurs naturally or accidentally and also in the nature or not.
Incubation and Successive Preoviposition Periods.
Incubation periods and successive preoviposition periods observed for the individuals of various numbers of flagellar segments of antenna II are summarized in Table  I . In spring and autumn, the incubation takes about 2 weeks and successive ovipositions occur about 20 days apart. In summer, the durations are shortened, one week and about 11 days for incubation and between successive oviposition respectively. Thus the durations fluctuate seasonally, though they does not show variation corresponding to segment number of antenna II, which is a molting age indicator, as mentioned below. So, the older does not neccessarily exhibit longer durations than the younger.
Growth and Increase in Segment Number of Antenna II
The newly hatched and released youngs bear three flagellar segments of antenna II on both sides. Daily inspection of the segment number revealed that the increase in number of flagellar segment occurred by adding the segment one by one on both sides simultaneously. It is very difficult to confirm the molting by the casted sheddings, which are usually eaten by the animal soon after sloughed off. However, it is most probable that each acquisition of one segment corresponds to a molt of the young because whenever exuviae were luckily remained in the vessel, the increase in segmental number occurred. This mode of addition of one segment at each molt seems to continue until maturation. Temperature specific durations in day of each segment number stage in young are given in Table 2 .
The change in number of flagellar segments of antenna II counted immediately after each oviposition are shown in Table 3 . Since this animal needs to molt prior to deposition of eggs, the numbers given in the table show the mode of increase of the flagellar segment at each molting after maturation during the breeding season. 12 
12jrr 14 jr I) Left side segment number remained seven. 
Apr. 20 '73 1 13-13 ' 14-14 14-14
Apr. 26 '73 12-12 13-13 13-13
Jul. 30 '72 12-12 13-13 13-13 Aug. 23 72 11-11 12-12 12-12 14-14*1 Usually they add one segment to the flagellum after two moltings simultaneously on both sides or alternatively on one side after the other. Accordingly, the same number of flagellar segments on both sides correspond to two successive molting ages and can not be attributed to either one of them, whereas any combinations of different number indicate decidedly the particular molting age.
2) Field Studies
Life History
There was not a distinct difference in the population composition among four samples in each month, except in May when the stranded matter was distributed separately to form upper and lower belts. Two samples were taken from each belt in May and the samples from the upper belt contained much of larger animals and those from the lower belt were composed of mostly young animals. 
"'
!-II segments gradually increase in number and occupies the preponderant proportion of the population in April. From June to July, overwintered population disappears and a part of new year population replaces it, reaching to the ages with more than 11-segmented antennal flagella and starts to reproduce. The recruitment of the newly hatched youngs seems to fall down during the summer, but shows another peak, although not so pronounced as in the spring, in October, and continues until November. The late autumn population overwinters and starts breeding in the next spring.
Breeding Activiry
Seasonal fluctuations in size frequency distribution of females and occurrence of breeding females are shown for each class of different segment number of antenna! flagellum in Fig. S . Female populations from December to June comprise much more individuals having more than IS flagellar segments than those of the summer to autumn months. The modes of body size of the corresponding segment number classes are also evidently larger in the winter to spring populations than in the summer to autumn ones, gradually getting larger from August to April.
Breeding females, possessing fully developed bristles on the oostegites, appear from February to November, mostly from March to October, but are very few in July populations. Apparent differences in the composition of flagellar segment number are recognizable for breeding females between March to May and August to October. Most of the breeding females in March to May, representing the overwintering population, bear more than 13-segmented antennal flagella and still many have more than IS-segmented ones, whereas the breeding females of the summer generation in August t? October contain no or very few individuals having more than IS-segmented flagella and are composed almost entirely of those of 12 and 13 segment classes.
Egg Number per Brood and Egg Size
Egg number per brood varies from l to 47. Since disturbance during the sampling and the following procedures sometimes caused eggs to escape from brood pouch, the figures are apparently of underestimation. As shown in Fig. 6 , larger females tend to produce more eggs per brood than smaller ones, which have been repeatedly said for other amphipodan species (Hynes, l9SS; Kinne, l9SO) . The seasonal variation of the average egg number per brood is conspicuous (Table 4) . Females of overwintering population produce much more eggs than those of the summer generation. Size difference of the female between these two populations, as mentioned above, might be one of the factors of the pronounced variation in egg number.
Egg size, measured along its long and short axis (TableS), shows that overwintering population tend to produce larger eggs than autumn one.
Sex Ratio
Sex ratio, expressed as the number of females to a male and calculated for individuals larger than 4.4 mm in body length, vanes between 1.1 and 2. 7 (Table 6 ). Female dominates male in all months, but there is no distinct tendency in the variation of sex ratio. 
DISCUSSION
General Consideration on Life History of Orchestia platensis
Life history and breeding activity of the Shirahama populations are diagrammatically presented in Fig. 7 . This figure is constructed as follows; growth in terms of segment number increase is deduced by the prevailing seasonal temperature and temperature specific growth of the segment, as well as the seasonal variation of successive preoviposition periods. Reproductive activity and life span are estimated from segment frequency diagram. For example, female population released in April are reckoned to grow to have 12-segmented antenna! flagella in early July. In September they would be 15-segmented. But Fig. 4 shows no 15-segmented female in this month, so they are thought to die before then. Fig. 5 shows high percentage of immature 12-segmented females in July, and most of 13-segmented females being in breeding in August. Thus the population released in April produces two successive broods of eggs in their lives. Youngs born in March grow slowly and in early summer attain to 12-segmented, and breeding begins when they attain to 13 or 14-segmented stage to produce a few broods. Those born in May grow less slowly and commence breeding in mid summer, but produce a few broods, too. These populations which become adult in summer are small in body length and mortalities are rather high. That is to say, the adults are recruited rapidly, but they produce only a small number of eggs and die soon. Youngs in July and August grow rapidly and begin to breed so soon as in October and enter into reproductive resting period. In next spring they produce a few brood again. Those born in late summer and October compose the main overwintering population. In winter, there seems to be no increase in flagellar segment number, although growth in the body length occurs to some degree, as is shown in Fig. 5 . Comparison of the modes of size frequency diagrams between November and January in 12 or 13-segmented females shows about 10 % growth during these months. This figure seems to correspond to growth in one molt or less.
In decapodan larvae, growth between instars range from about 0 %to 170 %, and have a mode between 10 % and 20 % (Rice, 1968). Some adult females seem to molt one time and some do not during the resting period, which is not recognizable in the segment frequency diagram. These overwintered large females can produce much more eggs of large size, as well as much more broods than summer generation. In regard to population maintenance, winter must be a critical period, because breeding ceases, and only mortality exists. The condition adverse to population is compensated by the continual growth of overwintering population during winter, which results in production of a large number of eggs in the next spring to regain the population. Thus the resting period seems to have a character of vegetative phase for the population.
Seasonal Variation of Life History and Environmental Conditions
As has been stated above, life history phenomena, such as growth, breeding activity and life span, of 0. platensis show seasonal variation. In this section, the varying life history is examined in relation to seasonal changes of environmental conditions. Life history diagram is presented in Fig. 7 . The youngs from the animals having passed through the resting period appear in March when the temperature is still rather low. They grow continually during spring-summer period when the temperature is rising and start breeding in mid summer when they reach 13 or 14 flagellar segment stage. So, it takes about 4 months for them to resume breeding state. Gradual acceleration of growth and maturation is seen in the youngs appearing later than March. Youngs born in August spend hottest season in their early lives and start breeding in autumn at 12 flagellar segment stage. In this case, it takes only about 2 months for the first oviposition. Some of them enter into the resting period in November when the temperature is still high. Those generations produced in mid summer and early autumn spend their adult stage in winter. Darkening in colour of the gonad suggested that many of them were getting matured in Junuary, the coldest season of the year. Youngs born in autumn live their early lives in winter and grow to mature in the following spring. All these overwintering populations exhibit thus longer life span than the summer generation.
The variation in life span is thus attributable to the difference in growth speed and the presence or absence of resting period. The resting period of winter may be attained and spent after or before reaching the breeding stage, consequently extending the breeding period, respectively. The resting period and slower growth are apparently related to lower temperature, and the acceleration of growth to higher temperatures. Breeding is, however, not so much related to temperature, so far as the seasons when breeding occurs are concerned, if various generations are all taken into consideration, nor to some particular short periods of the year, not suggesting the day and night length effects. The commencement of breeding is also not necessarily bound to the attainment to a certain definite number of molts nor to some determined body size, as is shown in Fig. 5 .
So, in the course of repeated production of generations, fluctuating temperature may retard or accelerate the growth and initiate or cease the resting period, that seems to be the principal nature of the existence of the seasonal variation oflife history in this species. For growth, food factor is assumed to be important, but in the present case, there were always good quantity of organic stranded matter on the shore and this factor may be regarded to have little effect on this seasonal variation in life history. Bock (1967) investigated the life history of this species in Flensburger Forde in Germany (54°50'N, 9°50'W). The general life history pattern of the Flensburger population is similar to Shirahama population, in spite of great latitudinal difference between these two localities. According to Bock, overwintered population begins to breed in March and a large part of them continues to breed until July when they die. The new generation matures in May and terminates breeding in November. The breeding season, therefore, extends from March through November with two peaks of reproductive activities in April and June. Longer breeding season and sooner maturation of new generation of Flensburger population than in Shirahama are seemingly incompatible with latitudinal difference between two localities. Geographical variation of temperature specific parameters of life history events which correlate inversely with latitude may explain this discrepancy. Indeed, Bock's rearing experiment shows that a constant temperature of 20°C raised the animal to maturation in 8 weeks. On the other hand, Shirahama population matures in about II weeks under the same temperature, and it is under 30°C that the animal matures in about 8 weeks.
Geographical Variation of Life Hirtory qf Orchestia platensis
According to Dahl (I946) , the breeding season of 0. platensis in Holland begins in May and ends in November. During the season, three peaks of the reproductive activity are recognized. He thought that the first peak in June was attained by the overwintered population and the following two peaks were due to new generations. Thus the general pattern is like those of Shirahama and Flensburger population, except the existence of the third peak of reproductive activity m Holland. Dahl explained it by the warm autumn climate in the locality.
This leads naturally to the question what is occurring in the population of the southern region. In order to get some information on this point, a sampling was carried out in Azama, Okinawa Pref. (26° lO'N, 127°50'W) in March, by the same method as adopted in Shirahama, where the mean atmospheric temperature was about 19°C in this month. The flagellar segment number frequency distribution and the proportion of breeding female are shown in Fig. 8 . The population structure is similar to that of May, not of March, in Shirahama. At least, breeding commences long before March, but existence of two modes clearly shows that the reproductive activity decreased in the foregoing season. It is not certain whether the resting Body length 10 Number 6.
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period exists or not. At the same time, comparison of size composition of the same segment stage between Okinawa and Shirahama population (Fig.5) shows that the size of Okinawa population in March is much smaller than that in Shirahama population of the same month. Size variation in the same segment stage is also noticeable seasonally in Shirahama population (see Fig. 5 ), namely, smaller in summer than in winter. Both geographical and seasonal variations of the size suggest the effect of temperature on the size. Higher temperature accelerates molting and shortens intermolt period. Shorter intermolt period might decrease the growth per molt.
In addition, resting period may play some role in the variation of growth per molt, since overwintered population in Shirahama is largest in the year. Thus difference Veli Lake, Terata, India 3 Solen ( 1969) 2 Hynes (1955) Small females elaspe resting period. Steele and Steele (1975b) 3 Hynes (1955) Steele and Steele (1970c) l---------1 Steele and Steele (1970b) 
Patterns of Life History Phenomena in Gammaridean Amphipoda
Fairy many amphipodan species have been treated in terms of breeding biology and life history by many investigators. In this section, available informations are reviewed to get the general idea on the life history phenomena of gammaridean am phipods, and to compare them with the results of the present study.
Modes of the breeding activity and life history are classified into the following four types. This classification is a tentative one and there are naturally some species of intermediate types, which are noted in remarks of Table 7 showing the species with their habitats and localities for each type.
The type is somewhat correlated with the latitude of the localities of the species belonging to it, but not with their systematic categories nor habitats. Tropical species, such as Melita zeylanica in V eli lake, India and Parhyalella pietschmann in Madagascar, show life histories of type 1. Hot spring population of Hyalella azteca is also of type 1. Continuous high ambient temperature permits the species to breed throughout the year. Some species, such as Bathyporeia pilosa, Gammarus duebeni in Port Erin Stream and G. jinmarchicus breed throughout the year in high latitudes. However, the reproductive activities of them decrease in winter, or the individual variation of growth is extraordinary in the life history ofCrangonyx gracilis (Hynes, 1955) . On the contrary, type 4 species are restricted to much higher latitudes in distribution. Most of the species of temperate region belong to type 2 or 3. Accordingly, in global scale, it can be admitted that low latitude species tend to breed throughout the year and have short life span, and high latitude species are apt to have long life span and breed in a restricted season.
Intraspecific or subspecific variations of the life history type are frequently met with, as seen in Gammarus duebeni, Hyalella azteca, Pontoporeia affinis and Gammarus lacustris. Hynes (1954) assumed temperature difference to correspond to the variation of life history in G. duebeni between Port Erin Stream and Gansey Beach. Variation oflife history of Hyalella aztew is also ascribed to temperature Strong (1973) reported for H. aztec a that hot spring population followed the life history of type I, as noted above, though stream population near the hot spring restricted its breeding season. Fish and Preece ( 1970) stressed the localized factors involved as well in the geographical populations of Bathyporeia pilosa on the west coast of France, namely, a northerly located population reproduced throughout the year, and a southern population shows a single reproductive cycle. Okland (1969) examined the breeding seasons of Gammarus lacustris in various localities in Norway and mentioned that the northern populations did not always retard the start of the breeding activity. Therefore temperature can not be regarded as a sole factor which governs the variation of reproductive activity among geographical populations. Local factors, such as food aboundance (Wiederholm, 1973) , and the geographical variation of the physiological properties among populations, as seen in Orcftestia platensis) may be associated with.
Orcftestia platensis belongs to type 2, which is common in this region investigated. According to Tamura and Koseki (1974) , a related terrestrial species Orcftestia sp.* pass through the life history of type 3, and has two subpopulations, that is, spring subpopulation which breed from May through July and autumn subpopulation which breed from late July through September. It is most probable that the terrestrial Orcftestia was derived from supralittoral Orcftestia directly (Hurley, 1959; Morino, 1972) and the semi-cosmopolitan species, for example 0. platensis) could be the stock species (Hurley, 1959) . If it can be assumed that associated changes in some factors with migration from supralittoral to terrestrial evnironment causes slow growth, as has been suggested by Wildish (1972) , the life history of type 2 of 0. platensis could be quite easily converted into that of type 3 of 0. sp. Overwintering population and new year generation of the former species may be taken as corresponding to autumn subpopulation and spring one of the latter, respectively Modification oflife history, as is established as geographical variation in life history in many species as shown above, may not be difficult problem as well in the case of invading different new habitat .
Summary
l. Life history and breeding activity of Orcftestia platensis Kr~yer were studied by rearing and by monthly collecting of field populations from March 1972 to March 1973 on Hatakejima Island, Shirahama, Wakayama Prefecture. 2. In the laboratory, youngs born in spring started breeding in summer. Those born in late summer or autumn stopped breeding to overwinter until next spring. 3. Duration of incubation and successive preoviposition period fluctuated seasonally, about 2 weeks in spring population, 7 to ll days in mid-summer population and about 20 days in autumn population. 4. Young animals added their flagellar segments of antenna II one by one at each molting. In adult, two molts were needed to add one flagellar segment. 5. In the field collections, breeding females were found mainly from March to October. The breeding activity of the population showed two peaks, in spring and in autumn. Youngs appeared in March began to breed in early summer with 12-segmented antennal flagella. The overwintered population disappeared thereafter. Youngs born in early summer matured in autumn, spent resting period in *Tamura and Koseki (1974) referred to the species as O.platensisjaponica winter, and commenced breeding again m the following spring, bearing mostly more than 13 antennal flagellar segments. Thus, at least two generations were required to complete a yearly life cycle. 6. Larger females tended to produce more eggs per brood, up to 4 7, and larger ones than those produced by smaller females. Female dominates male in all seasons. 7. Life history and breeding activity of Shirahama population were compared with those in Okinawa, Germany and Holland, and the geographical variation among them were discussed. 8. Life histories reported for gammaridean amphipods were reviewed and categorized into 4 types, with some considerations on ecological features of the species belonging to them. The possibility of modification from one type to another were discussed in relation to habitat change during land invasion in the talitrid species.
